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DESCRIPTION 



OPTICAL FIBER COMPONENT 



Technxcal Field 

This Invention rela'tes "bo an op'blcal fiber component: and, 
more par ^blcularly , to an optical fiber component: which Is 
employed a'b such an opt:lcal coupling por'blon as located be'bween 
optical fibers and an op'tlcal element: composing an opt:lcal 
-belecommunlcat^lon syst:em . 



Background Ar'b 

Generally, -the op'tlcal tzelecommunlcatlon syst:em 
comprises optical fibers and bulk type optical devices (e.g. , 
an optical Isolator or an optical switch) . These optical fibers 
and bulk type optical devices are constructed such that the 
light emanating from an optical fiber Is Incident on the bulk 
type optical device and such that the light emanating from the 
bulk type device Is Incident again on the optical fiber. 

Here, the light emanating from the optical fiber Is 
generally colllmated by a lens, and the light emanating from 
the bulk type device Is condensed again by the lens to go Into 
the core region of optical fiber. 

However, In case a single mode fiber (as will be shortly 
called the "SM fiber") with a small core diameter to align the 
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SM fiber and the bulk type optical device uses the lens contained 
problems. Because, these alignment Is coixpllcated and spent 
much time. Thus, It raises the cost. 

Thus, there have been proposed: (A) the so-called "GRIN 
lens system" (as referred to JP-A-2001-75026 or JP-A-11-52293) , 
In which a pair of GRIN lenses (Gradient Index Lenses) 20a and 
20b are arranged on the two ends of a bulk type optical device 
10 and In which a pair of SM fibers 30a and 30b are arranged 
on the two sides of those GRIN lenses 20a and 20b, as shown 
In Fig. 11; (B) the so-called "TEC system" (as referred to 
JP-A-63-33706) , In which a pair of fibers (as will be shortly 
called the "TEC fibers") subjected to the TEC (Thermal Es^anded 
Core) treatment are optically connected at their Individual 
one-side end faces to the two ends of the bulk type optical 
device 10 and In which the SM fibers 30a and 30b are optically 
connected Individually to the other end faces of the pair of 
TEC fibers 40a and 40b, as shown In Fig. 12 ; and (C) the so-called 
" GIF system" ) (as referred to J . LIGHTWAVE TECHNOLOGY VOL . LT . 5 , 
NO. 9, 1987 and J. LIGHTWAVE TECHNOLOGY VOL. 20, NO. 5, 2002) , 
In which one-side end faces of a pair of graded Index fibers 
(as will be shortly called the "GI fiber") 50a and 50b are 
connected to the two ends of the bulk type optical device 10 
and In which the SM fibers 30a and 30b are optically connected 
Individually to the other end faces of the pair of GI fibers 
50a and 50b, as shown In Fig. 13. 
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In -the GRIN lens system (A) , on "the o^ther hand, t:he oplixcal 
connection t:o the optical device ±s made In the single mode 
so that the connection loss Is low and so that the components 
are Inexpensive. However, the GRIN lens system (A) has such 
a complicated construction as to Increase the steps needed for 
the alignment thereby to raise the cost as a whole. In the 
TEC system (B) , on the other hand, the core can be ea^anded 
In the single mode so that the radiation loss at the TEC fiber 
portion can be reduced to expand the mode field diameter (as 
will be shortly called the "MFD" ) with a low loss , and the optical 
connection to the optical device Is maintained at low loss with 
the single mode propagation. However, the TEC system (B) uses 
es^enslve consponents and takes a long time for the TEC working, 
and finds It difficult to adjust the length of the TEC fiber 
portion. On the other hand, the GIF system (C) can use 
inea^ensive components and can adjust the size of the MFD and 
the length of the GI fiber according to the GI fiber manufacturing 
conditions such as the specific refractive Index difference 
or the core diameter. However, in the GIF system (C) , It Is 
difficult to align between the optical device and the optical 
fiber using GIF with the single mode propagation . For a 
colllmated light, moreover. It Is necessary to adjust the length 
of the GI fiber. This adjustment of the GI fiber is delicate 
and difficult for sufficient colli ma tion. Another problem is 
that the connection loss increases between the SM fiber and 
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-the GI fiber owing t:o be Increasing tJie difference from -the 
quarter plteh length of GIF. 

The presen'b Invention has been conceived to solve the 
above -specif led difficulties, and has an object to provide an 
optical fiber component which can be optically connected to 
the optical element In the single mode with a low connection 
loss by using a photonic crystal fiber (as will be shortly called 
the "PhC fiber") . 

Disclosure of the Invention 

In order to achieve that object, according to the present 
Invention, there Is provided an optical fiber component 
comprising: an optical element having a light Incident end face 
on Its one side and a light exit end face on Its other side; 
a pair of PhC fibers having their Individual one- side end faces 
optically connected to the two end faces of the optical element; 
and a pair of SM fibers having their Individual one -side end 
faces optically connected to the other end faces of the pair 
of PhC fibers. The pair of PhC fibers has a MFD made larger 
than that of the pair of SM fibers. 

According to the present Invention , there Is also provided 
an optical fiber component comprising : an optical element having 
a light Incident end face on Its one side and a light exit end 
face on Its other side; a pair of PhC fibers having their 
Individual one-side end faces optically connected to the two 
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end faces of Uie op'kxcal element;; a pa±r of collijaa'bxon lenses 
having tiheir individual one-side faces op-blcally connected t:o 
tJie other end faces of the pair of PhC fibers; and a pair of 
SM fibers having their Individual one- side end faces optically 
connected to the other end faces of the pair of colllmatlon 
lenses . The pair of PhC fibers has a MFD made larger than that 
of the pair of SM fibers; and In that the pair of colllmatlon 
lenses has a MFD gradually enlarged from the SM fibers to the 
PhC fibers. 

In the optical fiber coxnponent of the Invention , moreover , 
the optical element Is made of an optical Isolator, an optical 
filter, an optical switch or an optical variable attenuator, 
or a combination thereof. 

According to the present Invention, there Is further 
provided an optical fiber component comprising: a SM fiber; 
and a PhC fiber having an end face optically connected to an 
end face of the SM fiber and having a MFD larger than that of 
the SM fiber. The external diameter of the PhC fiber can be 
made substantially equal to a ferrule making an optical 
connector . 

According to the present Invention, there Is further 
provided an optical fiber component comprising: a SM fiber; 
a colllmatlon lens having an end face optically connected to 
an end face of the SM fiber and having a MFD gradually enlarged; 
and a PhC fiber having an end face optically connected to the 
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o^her end face of the colllma-tlon lens and having a MFD larger 
than that of the SM fiber. The external diameter of the PhC 
fiber can be made substantially equal to a ferrule making an 
optical connector . 

In the optical fiber component of the present Invention, 
moreover, the colllmatlon lens can be a GI fiber. 

In the optical fiber component of the present Invention, 
the 61 fiber can have an end face fused to the end face of the 
61 fiber. 

In the optical fiber component of the present Invention, 
moreover, a connector housing can be attached to the leading 
end portion of the PhC fiber. 

In the optical fiber component of the present Invention, 
moreover, the PhC fiber has a MFD of at least 20 pm. 

According to the present Invention, the optical fiber 
component can be optically connected to the optical element 
In the single mode by using the PhC fiber so that the connection 
loss can be reduced. According to the PhC fiber, moreover, 
the size of the MFD can be freely designed to expand the core 
In the single mode and to perform the optical coupling easily 
according to the design of the optical element. By enlarging 
the MFD of the PhC fibers, still moreover, the angle of 
diffraction of the light to propagate can be decreased to reduce 
the connection loss at the time when the PhC fibers are coupled 
to the optical element. 
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Brief Description of the Drawings 

In Fig. 1 presenting explanatory diagrams of a first 
embodiment of an optical fiber coniponent of the Invention , Fig . 
1 (a) Is a longitudinal section of a portion of the same optical 
fiber component, and Fig. 1(b) Is an explanatory dlagraua of 
waveforms to propagate through the same optical fiber coxnponent . 

Fig. 2 Is a transverse section of a PhC fiber In the optical 
fiber component of the Invention. 

In Fig. 3 presenting explanatory diagrams of a second 
embodiment of the optical fiber component of the Invention, 
Fig. 3(a) Is a longitudinal section of a portion of the same 
optical fiber coinponent , and Fig . 3 (b) Is an explanatory diagram 
of waveforms to propagate through the same optical fdLber 
component . 

In Fig. 4 presenting explanatory diagrams of a third 
embodiment of the optical fiber component of the Invention, 
Fig. 4(a) Is a longitudinal section of a portion of the same 
optical fiber component, and Fig. 4(b) Is an explanatory diagram 
of waveforms to propagate through the same optical fiber 
component . 

In Fig. 5 presenting escplanatory diagrams of a fourth 
embodiment of the optical fiber coniponent of the Invention, 
Fig. 5(a) Is a longitudinal section of a portion of the same 
optical fiber component, and Fig . 5 (b) Is an explanatory diagram 
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of waveforms t:o propaga-te tiirough the same opt;±cal fiber 
componen-t . 

In Fig. 6 presexi'tlng explanatery diagrams of a flf-th 
embodiment: of -bhe opt^lcal fiber coinponent: of the Invention, 
Fig . 6 (a) Is a longitudinal section of a portion of the Seuae 
optical fiber component , and Fig. 6(b) Is an explanatory diagram 
of waveforms to propagate through the Seune optical fiber 
component • 

In Fig. 7 presenting explanatory diagrams of a sixth 
embodiment of the optical fiber component of the Invention, 
Fig. 7(a) Is a longitudinal section of a portion of the same 
optical fdLber component, and Fig. 7(b) Is an explanatory diagram 
of waveforms to propagate through the same optical fiber 
coznponent . 

In Fig. 8 presenting explanatory diagrams of a seventh 
embodiment of the optical fiber component of the Invention, 
Fig. 8(a) Is a longitudinal section of a portion of the same 
optical fiber component, and Fig . 8 (b) Is an explanatory diagram 
of waveforms to propagate through the same optical fiber 
component . 

In Fig. 9 presenting e3q>lanatory diagrams of an eighth 
embodiment of the optical fiber component of the Invention, 
Fig. 9(a) Is a longitudinal section of a portion of the same 
optical fiber component , and Fig . 9 (b) Is an explanatory diagram 
of waveforms to propagate through the same optical fiber 
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componen't . 

Fig. 10 ±s a 'bop plan view showing a nlnbh embodlmen-b 
of the optical fiber component of the Invention. 

Fig . 11 Is a longitudinal section of a portion of an optical 
fiber coxaponent of the prior art. 

Fig . 12 Is a longitudinal section of a portion of an optical 
fiber component of the prior art. 

Fig . 13 Is a longitudinal section of a portion of an optical 
fiber component of the prior art. 

Best Mode for Carrying Out the Invention 

Modes of preferred embodiments , to which the optical fiber 
coxaponent of the Invention Is applied, will be described with 
reference to the accompanying drawings . 

Fig. 1 Is a longitudinal section of a portion of an optical 
fiber coxaponent according to a f Irs t embodiment of the Invention , 
and Fig. 2 Is a transverse section of a PhC fiber. 

In Fig. 1, the optical fiber component of the Invention 
coxiprlses: an optical element 1 xaade of an optical Isolator, 
an optical filter, an optical switch or an optical variable 
attenuator, or their coxnblnatlon ; a pair of PhC fibers 2a and 
2b with a large MFD (approxdLmately 30 to 50 ^m) ; and a pair 
of SM fibers 3a and 3b with a sxaall MFD (approximately 10 jim) . 
The optical element 1 is provided with a light incident end 
face la on its one side and a light exit end face lb on its 
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o'ther side. The pair o£ t:he PhC fibers 2a and 2b has cores 
21a and 21b for propagated light and clads 22a and 22b disposed 
on the outer peripheries of the cores 21a and 21b. Likewise, 
the pair of SM fibers 3a and 3b has cores 31a and 31b and clads 
32a and 32b disposed on the outer peripheries of the cores 31a 
and 31b. 

Here, the PhC fiber 2a or 2b is constructed, as shown 
in Fig. 2 , by drawing a preformed rod, which is regularly formed 
by binding a number of glass tubes corresponding to the clad 
22a or 22b, in a fibrous shape around a glass rod of quartz 
or the like corresponding to the core 21a or 21b. The core 
21a or 21b of the PhC fiber 2a or 2b is formed to have a circular 
or polygonal (or hexagonal) shape. 

This PhC fiber 2a or 2b is characterized in that it is 
enabled to design a larger effective refractive index difference 
and a larger core diameter than those of the SM fiber in general 
use, by adjusting the hole diameter or hole distance of a glass 
tube corresponding to the clad 22a or 22b. The PhC fiber 2a 
or 2b is further characterized in that it can realize a large 
MFD in a single mode in accordance with the wavelength used. 

Next, an end face (or output end) of the PhC fiber 2a 
(as will be called the "first PhC fiber 2a") on the lefthand 
side of Fig. 1 is optically connected to the light incident 
end face la of the optical element 1 while being aligned with 
the optical axis of the optical element 1. An end face (or 
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Input: end) of tiie PhC fiber 2b (as will be called -the "second 
PhC fxber 2b") on the righthand side of Fig. 1 is optically 
connected to the light exit end face lb while being aligned 
with the optical axis of the optical element 1. Moreover, an 
end face (or output end) of the SM fiber 3a (as will be called 
the "first SM fiber 3a") on thelef thandsideof Fig. lis optically 
connected to the other end face (or input end) of the first 
PhC fiber 2a while being aligned with the optical axis of the 
first PhC fiber. An end face (or input end) of the SM fiber 
3b (as will be called the second SM fiber 3b") on the righthand 
side of Fig. 1 is optically connected to the other end face 
(or output end) of the second PhC fdLber while being aligned 
with the optical axis of the second PhC fiber 2b. Here, the 
first and second PhC fibers 2a and 2b and the first and second 
SM fibers 3a and 3b can be spliced to each other by heating 
the mirror-worked end faces of the two with a burner or an arc 
discharge. Moreover, the output end of the first PhC fiber 
2a and the optical element 1, and the input end of the second 
PhC fiber 2a and the optical element 1 can be optically connected 
to each other by applying an optical adhesive or matching oil . 

In the optical fiber component thus constructed, as shown 
in Fig. 1 (b) , the light incident from the input end of the first 
SM fiber 3a propagates in a waveform 33a with a small MFD through 
first SM fiber 3a and emanates from the ou^ut end of the 
first SM fiber 3a. On the other hand, the light emitted from 



11 



"the firs'b SM fiber 3a Is Incxdexi'b on t:he Input end of t:he first: 
PhC fiber 2a and Is enlarged to a large waveform 23a In the 
first PhC fiber 2a. This large waveform 23a propagates In the 
single mode through the first PhC fiber 2a and Is Incident on 
the light Incident end face la of the optical element 1 . The 
light having passed through the optical element 1 and emitted 
from the light exit end face lb of the optical element 1 Is 
Incident on the Input end of the second PhC fiber 2b. This 
light propagates through the second PhC fiber 2b In a waveform 
23b with a large MFD and In the single mode and emanates from 
the output end of the second PhC fiber 2b. The light emitted 
from the second PhC fiber 2b Is Incident on the Input end of 
the second SM fiber 3b. In this second SM fiber 3b, the light 
Is reduced to a waveform 33b with a small MFD, and propagates 
In the single mode through the second SM fiber 3b. 

According to the first embodiment, therefore , the optical 
fiber component can be optically connected In the single mode 
at the optical element thereby to reduce the connection loss . 

Fig. 3 presents a longitudinal section of a portion of 
an optical fiber component according to a second embodiment 
of the Invention. From Fig. 3, the portions common to those 
of Fig. 1 and Fig. 2 are omitted In detailed description by 
designating them by the common reference numerals . 

In Fig. 3, the optical fiber component according to the 
second embodiment coxoprlses the optical element 1 having the 
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llgh'b incident end face la on ±t:s one side and t:he light: exit; 
end face lb on i^s ot:her side. An end face (or ou'bput: end) 
of the flrs'b PhC fiber 2a is op'bically connect:ed 'bo 'the llgh'b 
inciden-b end face la of -bhe opbical element 1 while being aligned 
wi'bh 'bhe optical aixis of the optical element 1 . An end face 
(or input end) of "bhe second PhC fiber 2b is optically connected 
to the light exit end face lb while being aligned with the optical 
axis of the optical element 1 . Moreover, an end face (or output 
end) of a first 61 fiber 4a is optically connected to i:he other 
end face (or input end) of the first PhC fiber 2a while being 
aligned with the optical axis of 'bhe first PhC fiber 2a. An 
end face (or input end) of a second GI fiber 4b is optically 
connected to the other end face (or output end) of -bhe second 
PhC fiber 2b while being aligned with the optical axis of the 
second PhC fiber 2b. Still moreover, an end face (or output 
end) of the first SM fiber 3a is optically connected with the 
other end face (or input end) of the first 61 fiber 4a while 
being aligned with the optical axis of the first 61 fiber 4a. 
One end face (or input end) of the second SM fiber 3b is optically 
connected to the other end face (or output end) of the second 
GI fiber 4b while being aligned with the optical axis of the 
second 61 fiber 4b. 

Here, the first and second PhC fibers 2a and 2b have an 
MFD (approximately 30 to 50 ^m) larger than the MFD 
(approximately 10 pm) of the first and second SM fibers 3a and 
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3b, and i^he flrs-b and second GI fibers 4a and 4b have an MFD 
gradually enlarged from approx±ma'tely 10 |jm ^o approxlxoa'bely 
30 to 50 pm, respec-blvely , from -the first: and second SM fibers 
3a and 3b -to -the corresponding f irs'b and second PhC fibers 2a 
and 2b. 

In t:he op-tical fiber component: according t:o "the second 
embodiment, as shown in Fig. 3(b) , t:he light: incident: from tJie 
input end of the first SM fiber 3a propagates in the waveform 
33a with a small MFD through the first SM fiber 3a and is emitted 
from t:he output end of the first SM fiber 3a. The light emitted 
from tJie first SM fiber 3a is incident on the input end of the 
first GI fiber 4a, and its waveform 43a is gradually enlarged 
in the first GI fiber 4a from approximately 10 pm to approximately 
30 to 50 nm so that it is incident on tJxe input end of the first 
PhC fiber 2a. The light propagates through the first PhC fiber 
2a in the waveform 23a with the large MFD and in the single 
mode and is incident on the light incident end face la of the 
optical element 1 . Thus , t:he light passes through the optical 
element 1 and is emitted from the light exit end face lb of 
the optical element 1 . The light thus emitted from the light 
exit end face lb is incident on the input end of the second 
PhC fiber 2b . The light propagates through the second PhC fiber 
2b in the waveform 23b with the large MFD and in the single 
mode state and is emitted from the output end of the second 
PhC fiber 2b. The light emitted from the second PhC fiber 2b 
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is Incident on the inpu't end of the second 61 fiber 4b. In 
this second 61 fiber 4b, the MFD of a waveform 43b is gradually 
reduced from approximately 30 to 50 |im to approximately 10 \ua. 
The light with the reduced MFD is incident on the input end 
of the second SM fiber 3b and propagates through the second 
SM fiber 3b in the waveform 33b of the small MFD and in the 
single mode. 

According to the second embodiment , too, the optical fiber 
component can be optically connected to the optical element 
in the single mode thereby to reduce the connection loss . 

Fig. 4 is an explanatory diagram of an optical fiber 
component according to a third embodiment of the invention. 
From Fig. 4, the portions common to those of Fig. 3 are omitted 
in detailed description by designating them by the common 
reference numerals . 

In the optical fiber component according to the third 
embodiment, an optical isolator lA is employed as the optical 
element . 

Optical measurements on this embodiment have revealed, 
for a wavelength of 1,550 nm, that the insertion loss between 
the first and second SM fibers 3a and 3b was 0.5 dB, and that 
the isolation was 45 dB. 

Fig. 5 is an explanatory diagram of an optical fiber 
component according to a fourth embodiment of the invention. 
From Fig . 5 , the portions common to those of Fig . 3 are omitted 
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±n de-talled descrip-blon by des±gnat:ing ^hem by 'the common 
reference numerals. 

In "the optical fiber conKponent according to the fourth 
embodiment, an optically variable attenuator IB Is employed 
as the op-tlcal element. 

Optical measurements on this embodiment have revealed, 
for a wavelength of 1,550 nm, that the drive vol^tage was 0 to 
10 V, and that the variable at:tenuatlon was 0.5 to 25 dB. 

Fig. 6 Is an explanatory diagram of an optical fiber 
component according to a fifth embodiment: of the Inven'tlon. 
From Fig. 6, the por'tlons common t:o those of Fig. 3 are omitted 
In detailed description by designating t:hem by -the common 
reference numerals . 

In the optical fiber component according to the fifth 
embodiment, an optical switch IC Is employed as t:he op^tlcal 
elemen't . 

Optical measurements on this embodiment have revealed, 
for a wavelengt:h of 1,550 nm, that: the drive voltage was 0, 
10 V, and that the variable at1:enua1:lon was 0.5, 25 dB. 

Fig. 7 Is an explanatory diagram of an optical fiber 
component according a sixth embodiment of the Inven'tlon. 
From Fig. 7, the portions common t:o those of Fig. 4 are omitted 
In detelled description by designating -them by the common 
reference numerals . 

In Uie opt:lcal fiber component according to the sixth 
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embodiment , 'the first and second SM fibers 3a and 3b shown In 
Fig. 4 are replaced by first and second SM-NSP (Non-Strlppable 
Primary Coated) fibers 3a' and 3b' . Here, these SM-NSP fibers 
3a' and 3b' are the optical fiber cores which are prepared by 
coating the surface of a clad having an external diameter of 
115 |im, for example, with a thin NSP layer (approximately 5 
pm, for example) made of an unpeelable polymer resin. After 
the coating Is removed, the NSP layer protects the clad so that 
the SM-NSP fibers 3a' and 3b' have a high mechanical strength 
and an NSP diameter of approximately 125 ^m thereby to provide 
performances similar to those of the ordinary SM fibers . 

In this embodiment, the first and second SM-NSP fibers 
3a' and 3b' , the first and second 61 fibers 4a and 4b and the 
first and second PhC fibers 2a and 2b , which have their Individual 
end faces polished, are arranged In V-grooves, and their end 
faces are fixed with mechanical splices. Here, matching oil 
Is applied to the Individual end faces of those fibers. 

Optical measurements on this embodiment have revealed, 
for a wavelength of 1,550 nm, that the Insertion loss between 
the first and second SM-NSP fibers 3a' and 3b' was 1 dB, and 
that the Isolation was 42 dB. 

Fig. 8 Is an explanatory diagram of an optical fiber 
coznponent according to a seventh embodiment of the Invention. 
From Fig. 8, the portions common to those of Fig. 1 to Fig. 
3 are omitted In detailed description by designating them by 
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^he common reference niimerals . 

In Fig. 8, "the op'txcal fiber componenl: according "bo the 
sevent:h embodiment: comprises the first PhC fiber 2a (or the 
second PhC fiber 2b) with a large MFD (approximately 30 to 50 
im) , and the first SM fiber 3a (or the second SM fiber 3b) with 
a small MFD (approximately 10 \m) . These PhC fiber 2a and SM 
fiber 3a are optically connected like the foregoing embodiments 
to each other while being aligned with their optical axes . 

Here, the external diameter D of the first PhC fiber 2a 
(or the second PhC fiber 2b) is made substantially equal to 
the diameter (1.25 mm) of the (not-shown) ferrule mounted on 
the optical connector such as the (not-shown) FC connector. 

In this embodiment, the external diameter D of the first 
PhC fiber 2a (or the second PhC fiber 2b) is made substantially 
equal to the diameter of the ferrule of the optical connector 
so that it can be optically coupled in the connector shape to 
the optical element 1. 

Fig. 9 is an explanatory diagram of an optical fiber 
component according to an eighth embodiment of the invention. 
From Fig. 9, the portions common to those of Fig. 1 to Fig. 
3 and Fig . 8 are omitted in detailed description by designating 
them by the common reference numerals . 

In Fig. 9, the optical fiber component according to the 
eighth embodiment comprises the first eucid second PhC fibers 
2a and 2b with a large MFD (approximately 30 to 50 ^m) , and 
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-the first: and second SM fibers 3a and 3b with a small MFD 
(approximately 10 pm) . These PhC fibers 2a and 2b and SM fibers 
3a and 3b are optically connected like the foregoing embodiments 
to each other while being aligned with their optical axes. 

Here, the external diameter D of the first and second 
PhC fibers 2a and 2b is made substantially equal , like the optical 
fiber component of the third embodiment, to the diameter of 
the ferrule . 

In this embodiment, the external diameter D of the first 
and second PhC fibers 2a and 2b is made substantially equal 
to the diameter of the ferrule of the optical connector. 
Therefore, the first PhC fiber 2a and the second PhC fiber 2b 
can be optically coupled with ease in the connector shape to 
each other . 

Fig. 10 is an explanatory diagram of an optical fiber 
coxnponent according to a ninth embodiment of the invention. 
From Fig. 10, the portions common to those of Fig. 1 to Fig. 
3, Fig. 8 and Fig. 9 are omitted in detailed description by 
designating them by the common reference numerals . 

In Fig. 10, the optical fiber component according to the 
ninth embodiment comprises the first PhC fiber 2a (or the second 
PhC fiber 2b) with a large MFD (approximately 30 to 50 ^im) , 
and the first SM fiber 3a (or the second SM fiber 3b) with a 
small MFD (approximately 10 pm) . These PhC fiber 2a and SM 
fiber 3a are optically connected like the foregoing embodiments 
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'bo each ot:her while being aligned wlUi -bhelr op-tlcal axes . Here , 
Uie external diameter of tiie first: PhC fiber 2a (or tiie second 
PhC fiber 2b) Is made substen'blally equal te "the diameter (1.25 
mm) of 'the ferrule as In 'the optical fiber component according 
to "the third embodiment. 

Moreover, a connector housing 5 Is a'ttached through a 
(not- shown) spacer to "the outer periphery of one end portion 
(or leading end portion) of 'the first PhC fiber 2a (or the second 
PhC fiber 2b) . The leading end face of t:he f Irs't PhC fiber 
2a (or 'the second PhC fiber 2b) Is arranged to sllgh'tly prctrude 
from the end face of -the connector housing 5 . 

In -this embodiment, 'the a'ttechment of the connecter 
housing 5 forms the leading end portion of t:he first PhC fiber 
2a (or the second PhC fiber 2b) Into a plug shape so tha^ t:he 
leading end portion of the f Irs't PhC fiber 2a (or the second 
PhC fiber 2b) can be connected to the (not-shown) adapter. 

Here, 'the foregoing embodiments have been described on 
'the case. In which the MFD of 'the PhC fibers Is set te 30 to 
50 pm, but 'the MFD has te be a't least 20 pm. The PhC fiber 
finds. If less than 20 |im, it difficult to be aligned In the 
optical axis with the SM fiber (or the 61 fiber) . 

Moreover, 'the foregoing embodiments have been described 
on the case. In which the first and second PhC fibers and the 
first and second SM fibers are optically connected to each other . 
Despite of the description, however, first and second 
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collxma'tion lenses maybe op'txcally connect;ed be 'tween -the flrs'b 
and second PhC fibers and Uie first and second SM fibers . 

Still moreover, the foregoing embodiments have been 
described on the case. In which the external diameter of the 
first and second PhC fibers Is equalized to that of the first 
and second 61 fibers, but the former external diameter and the 
latter external diameter may be different from each other. 

Industrial Applicability 

According to the optical fiber component of the Invention , 
as apparent from the description thus far made, the optical 
connection to the optical element In the single mode can be 
performed by using the PhC fibers thereby to reduce the 
connection loss. According to the PhC fibers, moreover, the 
size of the MFD can be freely designed to enlarge the core In 
the single mode and further to perform the optical coupling 
easily according to the design of the optical element. By 
enlarging the MFD of the PhC fibers, still moreover, the angle 
of diffraction of the light to propagate can be decreased to 
reduce the connection loss at the time when the PhC fibers are 
coupled to the optical element. 
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